EVALUATION  OF 
RUST  COMPATIBLE  PRIMERS 
FOR  MARINE  APPLICATIONS 


MAY  1984 


Prepared  by 

RENSSELAER  POLYTECHNIC  INSTITUTE 
I  N  COOPE RATI  ON  Wl  TH 
AVONDALE  SHI PYARDS ,  I  NC. 


Report  Documentation  Page 

Form  Approved 

OMB  No.  0704-0188 

Public  reporting  burden  for  the  collection  of  information  is  estimated  to  average  1  hour  per  response,  including  the  time  for  reviewing  instructions,  searching  existing  data  sources,  gathering  and 
maintaining  the  data  needed,  and  completing  and  reviewing  the  collection  of  information.  Send  comments  regarding  this  burden  estimate  or  any  other  aspect  of  this  collection  of  information, 
including  suggestions  for  reducing  this  burden,  to  Washington  Headquarters  Services,  Directorate  for  Information  Operations  and  Reports,  1215  Jefferson  Davis  Highway,  Suite  1204,  Arlington 

VA  22202-4302.  Respondents  should  be  aware  that  notwithstanding  any  other  provision  of  law,  no  person  shall  be  subject  to  a  penalty  for  failing  to  comply  with  a  collection  of  information  if  it 
does  not  display  a  currently  valid  OMB  control  number. 

1 .  REPORT  DATE  2.  REPORT  TYPE 

MAY  1984  N/A 

3.  DATES  COVERED 

4.  TITLE  AND  SUBTITLE 

Evaluation  of  Rust  Compatible  Primers  for  Marine  Applications 

5a.  CONTRACT  NUMBER 

5b.  GRANT  NUMBER 

5c.  PROGRAM  ELEMENT  NUMBER 

6.  AUTHOR(S) 

5d.  PROJECT  NUMBER 

5e.  TASK  NUMBER 

5f.  WORK  UNIT  NUMBER 

7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 

Naval  Surface  Warfare  Center  CD  Code  2230  -  Design  Integration  Tools 
Building  192  Room  128  9500  MacArthur  Bldg  Bethesda,  MD  20817-5700 

8.  PERFORMING  ORGANIZATION 

REPORT  NUMBER 

9.  SPONSORING/MONITORING  AGENCY  NAME(S)  AND  ADDRESS(ES) 

10.  SPONSOR/MONITOR'S  ACRONYM(S) 

11.  SPONSOR/MONITOR'S  REPORT 
NUMBER(S) 

12.  DISTRIBUTION/AVAILABILITY  STATEMENT 

Approved  for  public  release,  distribution  unlimited 

13.  SUPPLEMENTARY  NOTES 

14.  ABSTRACT 

15.  SUBJECT  TERMS 

16.  SECURITY  CLASSIFICATION  OF:  17.  LIMITATION  OF 

18.  NUMBER  19a.  NAME  OF 

a.  REPORT  b.  ABSTRACT  c.  THIS  PAGE  S  AR 

unclassified  unclassified  unclassified 

63 

Standard  Form  298  (Rev.  8-98) 

Prescribed  by  ANSI  Std  Z39-18 


TABLE  OF  CONTENTS 


LIST  OF  TABLES . 

LIST  OF  FIGURES . 

FOREWORD . 

EXECUTIVE  SUMMARY . 

1.  CONCLUSIONS  AND  RECOMMENDATIONS  .  .  . 

1.1  Project  Results . 

1.2  Recommendations . 

2.  TECHNICAL  APPROACH . 

2.1  Program  Rationale . 

2.2  Literature  Search . 

2.2.1  Discussion  of  Treatments. 

2.3  Problem  Areas . 

3.  RESULTS . 

3.2  Surface  Preparation . 

3.3  Materials  Tested . 

3.4  Salt  Spray  Evaluation . 

3.4.1  Blister  Rating . 

3.5  Salt  Water  Irmnersion  Test  Method 

3.5.1  Inmersion  Tests  Results  . 

3.6  Hydrostatic  Cyclic  Exposure  Test 

3.6.1  Test  Results . 

3.7  Bond  Strength  Evaluation  .... 

3.7.1  Bond  Strength  Results  .  . 

3.8  Overall  Results . 

REFERENCES . 

APPENDIX  A . 

APPENDIX  B . 

APPENDIX  C . 


Page 

ii 

iii 

v 

vii 

1-1 

1-1 

1-2 

2-1 

2-1 

2-1 

2-2 

2- 3 

3- 1 
3-2 
3-4 
3-6 

3-15 

3-15 

3-23 

3-23 

3-26 

3-32 

3-32 

3-35 

A-l 

B-l 

c-1 


i 


LIST  OF  TABLES 


Page 

Table  I  Rust  Compatible  Materials . 3-5 

Table  II  Salt  Spray . 3-7 

Table  III  Immersion  Test . 3-16 

Table  IV  Results  of  the  Hydrostatic  Exposure  Test . 3-24 

Table  V  Bond  Strength  Results  Before  and  After  Exposure 

to  1000  Hours  in  Salt  Water . 3-34 


LIST  OF  FIGURES 


Page 


Figure  3.0  Typical  Rusted  Test  Specimen  Surface  on  Which 

the  Rust  Compatible  Primers  Were  Evaluated . 3-3 

Figure  3.1  Condition  of  the  Mastic  Coating  Applied  to  a 
Rusted  Surface.  Photograph  Taken  after  6000 
Hours  in  a  Salt  Spray  Environment . 3-9 

Figure  3.2  Condition  of  the  Water  Based  Epoxy  Mastic  System 
After  6000  Hours  of  Exposure  to  Salt  Spray 
Environment .  3-10 

Figure  3.3  Overall  Condition  of  Test  Specimen  Coated  with 
the  Latex  Rust  Converter  After  Exposure  to 
Salt  Spray .  3-11 

Figure  3.4  Condition  of  the  Urethane  Primer  with  Durathane 

Top  Coats  after  6000  Hours  in  Salt  Spray .  3-12 

Figure  3.5  Condition  of  the  Chlorinated  Rubber  Primer  After 

500  Hours  in  Salt  Spray  Environment .  3-13 

Figure  3.6  Condition  of  the  Coal  Tar  Epoxy  Coated  Specimen 
on  Grit  Blasted  Steel  After  6000  Hours  of 
Exposure  to  a  Salt  Spray  Environment .  3-14 

Figure  3.7  Condition  of  the  Latex  Base  and  Water  Based 
Epoxy  Coating  After  1500  Hour  Immersion  in 
Salt  Water  (Magnification  approx.  3X) .  3-17 

Figure  3.8  Condition  of  the  Solvent  Based  Epoxy  Coating 
After  1500  Hours  Immersion  in  Salt  Water 
(magnification  approx.  3x) . 3-18 

Figure  3.9  Condition  of  the  Urethane  and  Chlorinated  Rubber 
Primer  After  1500  Hours  Immersion  in  Salt  Water 
(magnification  approx.  3X) . 3-19 

Figure  3.10  Condition  of  Urethane  Primer  with  Various  Top  Coats 
After  1500  Hours  Immersion  in  Salt  Water 
(magnification  approx.  3X) . 3-20 

Figure  3.11  Condition  of  Latex  Conversion  Primer  with  Various 
Top  Coats  After  1500  Hours  Immersion  in  Salt 
Water  (magnification  approx  3X) .  3-21 

Figure  3.12  Condition  of  Penetration  Primer  and  Standard  Coal 
Tar  Epoxy  After  1500  Hours  of  Immersion  in  Salt 
Water  (magnification  approx.  3X) .  3-22 


Page 

Figure  3.13 

Condition  of  the  Mastic  Coatings  After  50  Cycles 
of  Exposure  to  20  Psi  Water  Pressure . 

3-27 

Figure  3.14 

Condition  of  the  Latex  Conversion  Primer  After 

50  Cycles  of  Exposure  to  20  Psi  Water  Pressure.  . 

3-28 

Figure  3.15 

Condition  of  the  Chlorinated  Rubber  and 

Urethane  Primer  After  50  Cycles  of  Exposure 
to  20  Psi  Water  Pressure . 

3-29 

Figure  3.16 

Typical  Condition  of  the  Penetration  Primer 

Coated  Specimen  After  60  Cycles  of  Exposure 
to  20  Psi  Water  Pressure . 

3-30 

Figure  3.17 

Condition  of  Various  Control  Test  Specimens  After 
50  Cycles  of  Exposure  to  20  Psi  Water  Pressure.  . 

3-31 

Figure  3.18 

Schematic  Diagram  of  the  Essential  parts  of  the 
Bond  Strength  Apparatus . 

3-33 

FOREWORD 


This  report  is  the  result  of  one  of  the  many  projects  managed  and 
cost  shared  by  Avondale  Shipyards,  Inc,  under  the  auspices  of  the  National 
Shipbuilding  Research  Program,  The  program  was  a  cooperative  effort  with 
the  Transportation  Department,  Maritime  Administration  Office  of  Advanced 
Ship  Devel  opment , 

On  behalf  of  Avondale  Shipyards,  Inc,,  Mr,  John  Peart  was  the  Program 
Manager  responsible  for  technical  direction  and  publication  of  the  final 
report,  Program  definition  and  guidance  were  provided  by  the  members  of 
the  Society  of  Naval  Architects  and  Marine  Engineers  Ship  Production  Com¬ 
mittee  Panel  023-1,  Surface  Preparation  and  Coatings, 

The  experimental  work  described  in  the  report  was  done  at  Rensselaer 
Polytechnic  Institute,  (RPI)  Troy,  New  York  under  the  direction  of 
Mr ,  S,  j  ,  Cal  abr  ese,  Research  Speci  al i  st , 

In  addition,  acknowledgement  is  given  to  the  coating  manufacturers 
who  participated  in  the  program  by  submitting  samples,  They  were: 

Devoe 

Bywater  Sal  es  &  Servi  ce  Co, ,  I  nc, 

Appl i  ed  Coat i  ngs  Technol  ogy,  I  nc, 

Rust-Oleum  Industrial  Coatings  Systems 

The  principle  objective  of  the  programwas  to  determine  the  state- 
of-the-art  of  primers  and/or  coating  systems  which  were  designed  to  be 
applied  directly  to  a  rusted  surface,  and  to  d  e  t  e  r  mi  n  e  through  laboratory 
evaluations  if  any  of  the  materials  performed  sufficiently  well  enough  to 
be  used  in  ma  r  i  n  e  application, 


If  such  materials  can  be  utilized  for  shipboard  corrosion  control, 
meaningful  cost  savings  can  be  achieved  in  ship  construction  through 
reduced  man-hours  for  surface  preparation  and  maintenance. 
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EXECUTIVE  SUMMARY 


The  possibility  of  applying  an  adherent  coating  to  a  rusted  sur¬ 
face  has  been  of  interest  for  several  years,  Escalating  surface  prep¬ 
aration  costs,  plus  inaccessibility,  are  dictating  the  need  for  p  r  i  me  r  s 
which  are  rust  compatible,  Regardless  of  the  price  paid  for  a  marine 
coating,  if  the  surfaces  are  poorly  prepared  or  the  areas  to  be  coated 
are  difficult  to  reach  with  surface  preparation  equipment,  the  coating 
will  suffer  due  to  ahesion  problems,  Rerusting  after  primary  surface 
preparation  and  the  c  o  mp  I  e  t  e  r  e  mo  v  a  I  of  oxides  in  pitted  and  hard  to 
g  e  t -  a  t  areas,  is  very  difficult  and  costly  during  construction  and  ma  i  n - 
t enance  respect i vel y, 

Unique  methods  of  preparing  the  surface  by:  A)  chemical  cleaning 
with  citric  acid  [1],  and  B)  absorption  of  rust  into  an  easily  removable 
coating  [  2 ]  show  p r  o mi  s  e ,  but  are  not  routinely  used  at  this  t  i  me , 

A  few  industrial  and  ma  r  i  n  e  coating  c  o  mp  a  n  i  e  s  have  developed  coatings 
which  are  manufactured  explicitly  for  the  purpose  of  applying  them  to  a 
rusted  surface,  Several  companies  responded  with  coatings  which  are  pre¬ 
sently  on  the  market  for  other  purposes  and  would  have  been  willing  to 
allow  RPI  to  evaluate  them  for  rust  compatibility,  However,  it  was  not 
the  intention  of  this  program  to  evaluate  various  ma  t  e  r  i  a  I  s  for  appli¬ 
cation  to  a  rusted  surface,  but  rather  to  evaluate  those  coatings  which 
were  manufactured  and  marketed  specifically  for  the  purpose  of  applying 
them  to  a  rusted  surface,  Hence,  the  relative  value  of  these  coatings 
could  be  established  and,  if  the  results  were  encouraging,  the  manu¬ 
facture  of  the  rust  c  o  mp  a  t  i  b  I  e  p  r  i  me  r  s  could  be  developed, 

One  coating  was  very  successful  in  the  evaluations  and  a  second 


showed  promise 


The  majority  of  the  tests  utilized  were  severe,  being  those  associ¬ 
ated  with  the  evaluation  of  materials  for  immersion  service,  thus 
enhancing  the  possibility  of  their  use  in  less  severe  corrosion  areas, 


SECTION  1 

Conclusions 

And 

Recommendations 


1.  CONCLUSIONS  AND  RECOMMENDATIONS 


1 ,  1  Project  Results 

The  purpose  of  this  project  was  to  establish  the  merit  of  commer¬ 
cially  available  coatings  which  were  manufactured  specifically  for 
appl i  cati  on  to  rusted  surfaces, 

In  order  to  determine  the  relative  differences  in  the  coatings  the 
f  oil  owi  ng  tests  were  utilized: 

I  Sal  t  spray  exposure  for  5000  hours 
I  Fresh  wa t  er  i  mmer  s  i  on  tests 
I  Hydrostatic  cycl i  c  exposure 

I  Adhesi  on  tests 

The  results  and  conclusions  of  these  tests  are  summarized  as  follows 

The  concept  of  applying  a  coating  directly  to  a  rusted 
surface  appears  to  have  merit, 

-  A  stabilization  type  epoxy  coating  gave  excellent  results 

in  all  of  the  tests, 

-  The  epoxy  coating  which  gave  the  best  results  was  a  so  li¬ 

ven  t  base  material,  Similar  latex  base  and  water- base 
epoxies  were  less  successful  but  may  possibly  be  useful 
for  less  severe  service  than  i  mme  r  s  i  on, 

Encouraging  results  were  also  obtained  from  a  polyurethane 
pr  i  me r , 

From  preliminary  results  it  appeared  that  coatings  which 
were  manufactured  to  stabilize  the  existing  rust  were 
superior  to  the  conversion  and  penetration  type  s  y  s  t  e  ms , 
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1 .  2  Recommend  at  i  ons 

A,  The  solvent  base  epoxy  coating  showed  sufficient  merit  to 
warrant  further  evaluations  for  immersion  and  atmospheric  service, 

Possible  options  to  accomplish  this  are  as  follows: 

1)  Application  of  test  patches  in  ship’s  ballast  tanks, 

underwater  h u 1 1  and  top  si des, 

2)  Application  in  test  tanks  that  simulate  ship’s  ballast 

cycl  es, 

B,  A  program  with  an  expanded  work  scope  to  evaluate  rust  com¬ 
patible  materials  is  presently  in  progress,  That  program  is  being 

sponsored  by  the  Federal  Highway  Administration  of  the  Transportation 
Department  and  is  evaluating  materials  for  use  on  bridges,  The 

most  p  r  o  mi  s  i  n  g  ma  t  e  r  I  a  I  s  identified  by  their  evaluation  and  the  poly¬ 
urethane  primer  that  showed  superior  performance  in  these  tests  should 

be  top  coated  with  compatible  marine  systems  for  evaluation  on  a  structure 
subjected  to  marine  atmosphere  exposure, 

C,  It  should  be  noted  that  these  coatings  were  evaluated  over  rust 

formed  by  fresh  water  immersion,  Corrosion  investigators  have  established 
that  soluble  salt  c  o  n  t  a  mi  n  a  t  i  o  n  of  the  substrate  results  in  the  reduction 
in  coating  life,  This  reduction  in  coating  life  with  respect  to  a  thresh¬ 
old  of  contamination  has  not  been  quantified,  Additionally,  the  effect  of 

rust  c o mp o s i  t  i  o n  and  structure  on  coating  adhesion  has  not  been  character¬ 
ized,  Wo  r  k  in  these  areas  should  be  initiated, 
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SECTION  2 
Technical  Approach 


2.  TECHNICAL  APPROACH 


2 ,  1  Program  Rationale 

In  order  to  reach  the  goal  of  this  program,  the  following  steps  were 

taken: 

-  A  literature  search  was  performed  on  rust  compatible  primers 

in  order  to  det  er  mi  ne  the  f  ol  I  owi  ng : 

.hi  story 

.met  hod  of  protection 
■  state  of  the  art, 

-  A  survey  of  industrial  and  ma r  i  n e  coating  ma n u f  a c t  u r  i  n g 

companies  was  made  regarding  products  which  were  presently 
on  the  mar  ket , 

-  Test  specimens  were  prepared  by  producing  a  uniformly 

rusted  surface  and  sent  to  the  manufacturers  who  had 
responded  positively  to  the  above, 

-  After  the  specimens  were  coated  and  r  et  ur  ned,  t  hey  were 

put  into  the  various  test  fixtures  for  evaluation, 


2,2  Literature  Search 


The  literature  search  produced  very  interesting  results  in  that  a 
significant  part  of  the  history  of  rust  c  o  mp  a  t  i  b  I  e  p  r  i  me  r  s  took  place  in 
Europe,  Many  U.S,  companies  were  interested  in  the  process  but 
there  did  not  appear  to  be  a  serious  contribution  f  o  r  t  h  c  o  mi  n  g  until 
the  mid  7  0’ s,  A  listing  of  references  concerning  the  subject  is  given 

Unfortunately  some  of  the  papers  have  not  been  translated 


i  n 


Appendi  x  A, 


into  English, 
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The  most  accepted  methods  of  treating  a  rusted  steel  surface  is 
by  adding  ingredients  to  the  coating  to  accomplish  one  or  more  of  the 
f  ol  I  owi  ng : 

-  rust  conversi  on 

-  rust  stabilization 

-  penetration, 

2,2,1  Discussion  of  Treat  me n t  s 

Rust  conversion  products  are  used  to  convert  the  rust  from  iron 
oxide  to  another  Fe  compound,  The  most  common  approach  is  to  use  phos¬ 
phoric  acid,  In  that  instance,  the  various  compounds  of  iron  and  oxygen 
which  make  up  rust  ( F  e  0.  ,  F  e  20  3,  etc)  are  converted  to  compounds  of  Fe 
and  P,  There  are  several  published  reports  in  which  the  chemical  reaction 
is  fully  described  [2],  This  method,  of  course,  is  based  on  the  assumption 
that  the  only  elements  in  the  rust  compound  are  Fe  and  0,  The  corrosion 
product  f  o  r  me  d  in  steel  can  contain  s  o  me  of  the  alloying  agents  in  the 
steel  and  some  of  the  impurities  in  the  air.  In  addi  ti  on,  i  mpuri  ti  esfrom 
pollution  products  can  add  to  the  reaction,  Hence  the  formulation  of  rust 
f r om  di  f f er ent  parts  of  the  country  can  vary  considerably, 

The  second  type  of  rust  treatment,  in  which  a  primer  reacts  with  rust, 
is  the  stabilization  type,  In  this  instance,  the  primer  reacts  with  the 

rust  to  form  a  more  stable  compound  of  Fe  and  0,  Reference  3  discusses 
the  reaction  which  takes  place  in  stabilizing  the  rust  to  change  it  from 
various  forms  of  iron  oxide  to  F  e  3  0  4  (  magnet  i  t  e) ,  In  that  paper,  a  less 
common  type  of  rust  primer  is  described  in  which  soluble  salts  in  the  rust 
are  converted  to  inert  compounds,  However,  presently  there  are  products  on 
the  market  which  are  designed  to  stabilize  the  rust  to  F  e  3  0  4  and  these 


appear  to  accomplish  this  goal,  It  should  be  noted  that  the  reaction 
takes  a  considerable  length  of  time,  Nine  to  twelve  months  are  typical 
reaction  times,  It  should  also  be  noted  that  this  type  of  product  was 
the  most  successful  in  this  program, 

The  third  t  r  e  a  t  me  n  t  me  t  h  o  d  is  to  penetrate  the  rust  by  me  a  n  s  of 
an  oil  and  use  a  top  coat  to  protect  the  remaining  steel  substrate  and 
prevent  further  corrosion,  Barrier  tiecoats  or  top  coats  are  used  to 
prevent  additional  mo  i s  t  u  r  e  from  attacking  the  surface  to  produce  further 
rust  d  a  ma  g  e , 

In  all  three  t  r  e  a  t  me  n  t  s ,  it  is  necessary  to  prevent  penetration 
of  moisture  which  would  restart  corrosion  damage 

2 , 3  Problem  areas 

Though  each  type  of  coating  is  designed  to  treat  the  surface  to 
prevent  further  d  a  ma  g  e ,  there  are  associated  p  r  o  b I e  ms , 

A  conversion  coating  must  have  enough  converter  to  react  with  all 
of  the  rust  on  the  surface  i  mme  d  i  a  t  e  I  y ,  If  unconverted  rust  r  e  ma  i  n  s , 
poor  bonding  will  result  which  will  cause  coating  blisters  and 
eventual  failure, 

Stabilization  coatings  must  also  contain  enough  material  to  react 
with  the  existing  rust  to  form  F e 30 (.  Since  the  reaction  occurs 
slowly,  full  protection  is  not  accomplished  for  a  considerable  length 
of  t  i  me , 

The  penetration  coating  usually  contains  a  penetrating  oil,  This 
oil  does  not  dry  readily  and  a  strongly  adherent  bond  is  not  an  easy 
a  c  c  o  mp  I  i  s  h  me  n  t , 


SECTION  3 
Results 


3,  RESULTS 


3,  1  Contact  Suppliers 

Suppliers  of  marine  coatings  were  contacted  concerning  the  goals  of 
the  program  and  the  possibility  that  they  might  have  a  product  which 
should  be  evaluated,  A  list  of  those  companies  and  their  represen¬ 
tatives  is  given  in  Appendix  B, 


The  response  was  somewhat  surprising  in  that  only  a  few  had  products 
which  were  on  the  market,  Some  were  evaluating  materials  in  the  laboratory 
but  were  not  ready  to  market  the  product  as  yet, 

Several  had  products  which  could  be  evaluated  but  were  not  designed 
as  rust  c o mp a t  i  b I  e ,  Because  of  the  t i  me  and  cost  for  s p e c i  me n  preparation, 
it  was  not  in  the  best  interest  of  the  program  goals  to  evaluate  materials 
which  were  not  formulated  for  direct  application  to  a  rusted  surface, 

Those  companies  who  submitted  a  positive  response  to  the  inquiry 
were  contacted  concerning  the  type  of  coating  they  had  and  the  method  of 
application,  In  order  to  eliminate  application  problems,  the  vendor  was 
asked  to  apply  the  coating  to  specimens  which  were  prepared  at  RPI  , 

In  the  event  that  the  ma  n  u  f  a  c  t  u  r  e  r  did  not  have  an  a  p  p I i  e  r ,  the  product 
was  shipped  to  RPI  and  applied  in  accordance  with  the  manufacturer's 
instructions, 

After  the  specimens  were  prepared  they  were  shipped  to  the  vendor 
for  coating,  Each  vendor  was  asked  to  provide  their  data  sheets  and  the 
coating  applicator  technique  by  filling  out  an  information  sheet  for 
each  coating  syst  em  submi  1 1  ed,  A  copy  of  the  information  sheet  is  shown 
in  Appendix  C, 
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After  the  samples  were  returned  to  RPI  ,  one  specimen  from  each 
batch  was  sectioned  and  examined  under  the  microscope  to  ensure  that  the 
surface  still  contained  the  original  rust,  This,  of  course,  was  to  ensure 

that  one  coating  did  not  have  an  unfair  advantage  over  the  others, 

It  should  be  understood  that  if  the  ma  n  u  f  a  c  t  u  r  e  r  had  a  c  o  mp  I  e  t  e 
coating  system  which  he  felt  was  optimum,  he  was  asked  to  apply  it,  He 

was  also  asked  to  apply  each  coat  at  what  he  felt  was  the  optimum  thick¬ 

ness,  Hence  the  coating  evaluated  was  applied  under  the  best  possible 
conditions  and  at  the  recommended  coating  thicknesses,  The  other  point 
of  interest  was  the  possibility  of  changing  the  top  coat,  If  the  rust  com¬ 
patible  primer  could  be  used  with  various  generic  base  top  coats,  they  were 

evaluated  with  more  than  one  type  top  coat,  Therefore,  some  of  the  systems 
evaluated  will  contain  one  primer  with  various  standard  marine  top 
coats. 


3.  2  Surface  Preparation 

Two  methods  were  evaluated  to  prepare  the  surface  with  a  even  coat 
of  rust,  The  first  method  was  to  place  the  specimen  on  a  rack  in  an  out¬ 
door  environment,  At  three  day  intervals  they  were  flipped  over  to  ensure 
that  both  sides  were  evenly  coated,  Unfortunately,  varying  weather  con¬ 
ditions,  particularly  changes  in  h  u  mi  d  i  t  y ,  provided  a  uneven  rate  of  rust  for¬ 

mation,  This  method  was  abandoned  in  favor  of  the  method  described  below, 

The  specimens  were  placed  in  a  circulating  continuously  aerated 

water  bath,  After  a  period  of  six  weeks,  the  specimens  were  completely 

coated  with  an  even  coat  of  red  rust,  They  were  then  scrubbed  with  a  coarse 
brush  to  remove  the  loose  rust  from  the  surface,  Figure  3,0  slows  a  typical 


rusted  surface  on  which  the  vendor  was  asked  to  apply  the  candidate  coating 
They  were  then  packed  in  plastic  bags  and  shipped  to  the  vendor, 
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/  ' 


'H  ■ 


/ 


Magnification  5X 


Approx.  IX  Mag. 


Figure  3.0  Typical  rusted  test  specimen  surface  on  which  the  rust  compatible 
primer  was  evaluated. 


3,  3 

Mat  er i  a  1  s 

Tested 

Table  1  : 

hows  the 

hows  the  types  of  primer  coatings  selected  for  evaluation,  In 


addition,  the  coating  thickness,  rust  prevention  function  and  need  for  top 
coat  is  listed,  Note  that  the  first  three  are  mastic  types,  applied  directly 
to  the  rusted  steel,  They  are  used  as  “high  build"  materials  with  no  top 
coat,  The  rest  are  primer  types  and  are  applied  with  additional  over  coats, 

In  some  cases,  the  top  coat  was  also  a  product  of  the  primer  manufacturer, 
Standard  marine  coatings  were  used  where  the  primer  manufacturer  did  not  recom¬ 
mend  a  particular  top  coat  product,  standard  marine  coating  were  used,  Hence, 
the  first  three  materials  are  the  entire  coating  systems  while  the  rest  were 
evaluated  wi  t  h  various  top  coats, 

3,  4  Salt  Spray  Evaluation 

The  salt  spray  evaluation  was  run  to  determine  the  ability  of  the  coat¬ 
ings  to  protect  the  substrate  against  further  corrosion, 

The  test  was  performed  in  a  Singleton  Corrosion  Test  Cabinet  in  accor¬ 
dance  with  ASTM-  B117-  73.  (Reapproved  1  9  7  9  ) 

The  test  conditions  were  as  f  ol I  ows : 


Salt  solution  pH 
Test  temperature 
Test  duration 


6,5  to  7,2 
95°  F  ( 35°  C) 
6000  hrs 


The  specimens  were  photographed  and  placed  in  the  cabinet,  At  200 
hour  intervals  they  were  examined  for  signs  of  coating  degradation,  Changes 
in  the  coating  were  recorded  during  each  examining  period, 


T...a.M.£ 


jhows  the  results  of  the  salt  spray  evaluation,  In  addition, 


the  number  of  top  coats  are  shown  accompanied  by  the  thickness  of  each 
coat,  The  blister  rating  of  each  material  is  given  in  accordance  with 
the  ASTM  Standard  D714,  Note  that  the  rating  is  shown  after  1000  hours 
and  at  the  end  of  the  test, 
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TABLE  I 


RUST  COMPATIBLE  MATERIALS 


Mat  er i  al 

Type 

Function 

Thi  ckness 

Top  coat 

Latex 

Ma  s  t  i  c 

Stabilization 

.  040 

None 

Epoxy-water  base 

Mast  I  c 

Stabilization 

.020 

None 

Epoxy- sol  vent  base 

Mast  i  c 

Stabilization 

,  014 

None 

Rust  - conver  t  er  latex 

Sprayable  coating 

Conversion 

.002 

Various 

Urethane 

Spr  ayabl  e  coat  i  ng 

Stabilization 

.  002 

Various 

Vi  nyl 

Sprayable  coating 

Conversion 

.002 

Various 

Chlorinated  rubber 

Spr  ayabl  e  coat i  ng 

Conversion 

,  002 

Various 

Fish  oil  penet  r  at  or , 
a  1  k  y  d 

Spr  ayabl  e  coat i  ng 

Penetration 

.002 

Al  ky d 

In  order  to  assess  the  a  mo  u  n  t  of  d  a  ma  g  e  seen  on  the  candidate 
materials,  a  set  of  control  tests  were  run  with  standard  marine  coatings 
on  a  grit  blasted  steel  surface,  These  results  are  shown  at  the  end  of 
Tabl  ell, 


The  various  candidate  coatings  gave  a  large  difference  in  overall 
appearance,  Of  all  the  materials  tested  the  solvent  based  epoxy  gave  the 
most  promising  results,  This  was  the  mastic  material  described  earlier, 
Both  of  the  other  mastics  held  up  very  well  for  the  first  5000  hours  but 
eventuall  y  showed  blistering  by  the  end  of  the  test, 


Figures  3,1  ind 


3,2  sho 


the  condi  t  i  o n  of  ma s t  i  c  coated  test  s p e c i  me n s  at  the  end  of  bUUU  ho u r  s , 
The  test  hours  col  umn  in 


Tabl  e  I  I 


jives  the  total  a  mo  u  n  t  of  exposure 


hours  for  each  test  s p e c i  me n ,  If  the  s p e c i  me n s  had  severe  rust  through  or 
blistering  in  the  early  stages  of  testing,  they  were  removed  from  the 
cabinet  since  failure  was  imminent,  Hence,  it  should  be  noted  that  the 
mastics,  urethane  and  the  control  specimens  were  the  only  materials  to 
survive  the  6000  hours  of  testing,  In  addition,  the  latex  conversion 
coating  with  the  chlorinated  rubber  also  remained  on  test  for  the  entire 
t  i  me  but  did  net  appear  as  encouraging  as  s o me  of  the  others, 

show  the  condition  of  the  other  specimens  at  the  end 


Figures  3,3 


3,  6 


of  the  test, 

3.4,1  Blister  Rating 

The  blister  rating  was  performed  in  accordance  with  AST M  Standard 
D714,  The  degree  of  blistering  is  done  by  comparison  with  photographic 
standards  as  described  in  the  specification, 

The  standards  represent  two  characteristics  of  blisters,  size  and 
frequency,  Size  is  described  by  an  arbitrary  scale  of  from  O  to  10, 


SALT 


Rust  Converter  Latex 


Rust  Converter  Latex 


2  Epoxy 


2  Al  kyd 


1  Primer 
1  Top  Coat 


1  Undercoat 
1  Top  Coat 


By c o  950 


Uret  hane 


Dur  at  hane  9  0  0  1 


Byco  9  5  0  Urethane  1  2  Durathane  9  0  2  1 

By c o  2  5  0  Vinyl  1  2  Al  kyd  1 

Copolymer 


60  0  0 


None 


None 


Surface  excellent 


4  6000  2  Few  2  Dense 

2 


4 

3  0  0  0  4  Few 

4  Dense  Severe  rust  through 

2 

1.  5 

1  0  0  0  - 

Rust  through 

1.5 

4 

6  0  0  0 

Li ght  rust  on  edge 

3 

6  0  0  0 

Li  ght  rust  on  edge 

3 


300 


Rust  through 


TABLE  II  ( Cont ) 


Mat  er 1  al 

Pri  me r 
or 

Treatment 

No. 

of 

Coats 

Total 

DFT 

Mi  1  s 

,  No,  of 

Top  Coat  Coats 

Total 

DFT 

Mi  1  s 

Test 

Hours 

ASTM  D  714 

Bl  i  ster  Rati  no 

After 

1000  Hrs  End 

Remarks 

Byco  600 

Chlorinated 

Rubber 

1 

2 

Al  kyd  1 

4 

500 

■ 

Rust  through 

Rustol  e  u  m 

769 

Penet  ration 
Pri  me r 

2 

2 

Al  kyd  2 

4 

240 

■ 

Materials  peeled  between  top  coat  and 
pri  mer 

Rustol  e  u  m 

769 

Penet  ration 
Pri  me r 

2 

3 

Al  kyd  2 

iHIut.. 

4 

Rustol  e  u  m 

Al  kyd  1 

Top  Coat 

2 

240 

■ 

Peeled  between  primer  and  rust  inhibitor 

STANDARD  COATING  ON 

PREPARED  GRIT 

BLASTED  STEEL 

Chi  ori  n a t  e d 
Rubber 

Car  bol i  ne 

1 

2,5 

Chlorinated  2 

Rubber 

4 

6  000 

None 

6  Few 

Some  rust  bleed  through 

Pol  y  a  ml  de 

Epoxy 

Carbo  Zi  nc  II 

1 

2,5 

Polyamide  1 

Epoxy 

5 

60  0  0 

None 

None 

Some  rust  bleed  through 

Coal  Tar 

Epoxy 

Coal  Tar  2 

Epoxy 

12 

6  000 

None 

6  Few 

Light  rust  through 

*DFT  ■  Dry  Film  Th i ckness 


Rust  Bar  235 
Solvent  Based 
Epoxy 


Rust  Bar  210 
Latex  Based 
Epoxy 


Figure  3.1  Condition  of  the  Mastic  coating  applied  to  a  rusted  surface. 

Photograph  taken  after  6000  hrs.  in  a  Salt  Spray  environment. 
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Rust  Bar  211 

Fiaure  3.2  Condition  of  the  water  based  epoxy  mastic  system  after 


Chlorinated  Rubber  Topcoat  Epoxy  Topcoat 

6000  hours  exj.  sure  3000  hours  of  testing 


Figure  3.3  Overall  condition  of  test  specimen  coated  with  the  Latex  rust 
converter  after  exposure  to  salt  spray. 


Durathane  900 


Durathane  902 


rinuxo  •?  a  PnnHnt-inn  nf  the  lirpthanp  Primpr  with  Durathanp 
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Figure  3.5  Condition  of  the  Chlorinated  Rubber  Primer  after  500  Hours 
in  Salt  Spray  Environment. 


3-14 


Figure  3,6  Condition  of  the  Coal  Tar  Epoxy  Coated  Specimen  on 
Grit  Blasted  Steel  after  6000  Hours  of  Exposure  to 


The  size  decreases  with  increasing  number,  No, 8  is  the  smallest  size  which 

can  be  seen  with  the  unaided  eye,  Frequency  is  described  quantitatively  in 
four  steps  :  dense,  medi  urn- dense,  medium  and  few, 

3,5,  Salt  Wat  er  I  mmer  s  i  on  Test  Method 

The  second  evaluation  performed  on  the  candidate  coatings  was  a  simple 

imnersion  test  where  the  coatings  were  scribed  on  the  diagonal  across  the 
specimens  and  allowed  to  soak  in  a  water  solution  containing  5%  sodium  chloride 
for  several  hundred  hours,  The  depth  of  undercutting  or  creep  was  measured 
and  rated  in  accordance  with  ASTM  Standard  D1654  Method  A,  Creepage  is  the 

amount  of  corrosion  which  takes  place  beneath  the  coating  from  the  edge  of 
the  scribe  line,  The  range  is  a  rating  from  00  (1  inch)  to  10  (1/64  inch), 


3,5,1  1  mmer  s  i  on  Tests  Results 
The  results  of  the  immersion  tests  are  shown  in 


able  III, 


This  tabu¬ 


lation  shows  the  candidate  coating  materials,  the  thicknesses  for  the  various 
coats,  the  creepage  rating  at  500  and  1500  hours  and  a  blister  rating  where 
applicable, 

As  with  the  salt  spray  test,  the  mastics  gave  the  most  promising  results 
with  the  solvent  based  epoxy  again  being  the  best,  The  scribed  edge  of  the 
latex  base  material  appear  to  be  deteriorating  with  slight  discoloration  at 
the  edge  interface, 


Notice  too  that  the  urethane  coating  s  y  s  t  e  ms  also  gave  encouraging 
results,  In  one  instance,  only  the  urethane  primer  was  applied,  with  no  top 
coat.  It  too  showed  only  slight  creepage  after  1  5  0  0  hours, 


Figure  3,7  > 

hows  the  condition  of  the  water  base  epoxy  and  the  latex 

ma  st  i c  s  y  s  t  e  ms , 

:igure  3,8  shows  the  condition  of  solvent  based  epoxy  system, 

Figure  3,9- 

3,  12  s 

iow  the  condition  of  s o me  of  the  other  ma t  e r  i  a  1  s  as  they 

appeared  af 

ter  t e 

st , 
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Material  Treatment 


of  OFT 
Coats  Mi  I  s 


Top 

Coat 


Coats 


Bar  Rust 
235 


Bar  Rust 
211 


Bar  Rust 


Byco  600 


Epoxy 

Solvent  Base 


Epoxy 
Water  Base 


Chi  or i  n a t  e d 
Rubber 


Byco  950  Polyurethane 


Byco  950  Polyurethane 


Byco  950  Polyurethane 


Converter  Conversion 


2  14 


2  20 


2  40 


1  2 


Rust  Latex 

Converter  Conversion 


Rust  ol  eum  Fish  Oi  I 
769  Penetrator 


2  Alkyd  1 


2  Polyurethane  1 


Epoxy 


Al  ky d 


TEST 


Scribe  Creepage 
Total  ( ASTM  Standard 


DFT 

Mi  1  s 

D1654- 
500  hrs 

Method  A) 

1500  hrs 

Remar  ks 

9 

9 

Excellent 

8 

1 

Corner  chipped 

9 

8 

Edge  deteriorated 

4 

1 

5 

Coati  ng  bl i  stered,  si  ze 
me  d  i  u  m  dense 

4 

9 

9 

Blister  size  No,  2,  few 

3 

9 

9 

Excellent 

9 

1 

Slight  edge  deterioration 

8 

1 

4 

Blisters,  size  No,  6,  dense 

2 

8 

4 

Blister,  size  No,  8,  dense 

8 

4 

2 

Blister,  size  No,  8,  few 

4 

2 

Coat  i  ng  r  emoval  bet  ween  the 
p  r  i  me  r  and  top  coat 

12 


No  blister 


Latex  Base  Water  Base 


' Figure  3.7 


Condition  of  the  Latex  base  and  water  based  epoxy  coating  after 
1500  hour  immersion  in  salt  water  (magnification  approx.  3X). 


* 


3.8  Condition  of  the  solvent  based  epoxy  coa 
immersion  in  salt  water  (magnification  a 
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Figure  3,9  Condition  of  the  urethane  and  chlorinated  rubber  primer  after 
1  5  0  0  hours  immersion  in  salt  water  (magnification  approx,  3x). 


Alkyd  Topcoat 


Polyurethane  Topcoat 


Figure  3.1 


0  Condition  of  urethane  primer  with  various  top  coats  after 
1500  hours  immersion  in  salt  water  (magnification  approx.  3X). 


Figure  3.11  Condition  of  Latex  Conversion  primer  with  various 
top  coats  after  1500  hours  immersion  in  salt  water 
(magnification  approx.  3X). 


Penetration  Primer 


Standard  Coal  Tar  Epoxy 


Figure  3.12  Condition  of  penetration  primer  and  standard  coal  tar 
epoxy  after  1500  hours  of  immersion  in  salt  water 


3,  6  Hy d r  o s t  at  i  c  Cycl i  c  Exposur  e  Test 


The  final  exposure  type  test  was  simple  water  immersion  in  a  pressure 
tight  box,  Air  pressure  was  introduced  into  a  box  and  cycled  between  ambient 
and  2  0  psi  at  a  cycl  e  rate  of  10  mi  nutes, 

This  type  of  test  has  been  used  in  the  past  for  evaluation  of  ballast 
and  fresh  water  storage  tanks  [1],  The  usual  cycle  time  is  as  long  as  20 
days.  However,  it  was  found  that  the  short  duration  (10  minutes)  and  cyclic 
pressure  produced  adequate  results  for  evaluating  the  s  p  e  c  i  me  n  s  in  this  pro¬ 
gram,  Air  pressure  was  introduced  at  the  rate  of  20  psi  in  one  minute,  The 
pressure  was  held  for  10  minutes  and  reduced  at  the  same  rate,  After  five 
cycles,  the  tank  was  uncovered  and  observations  were  made  and  recorded  for 
each  test  specimen,  The  tank  was  recovered  and  another  series  of  five  cycles 
was  run,  This  procedure  was  repeated  for  a  total  of  50  cycles, 


3,6,1,  Test  Resul  t  s 


Table  IV  shows  the  results  of  the  evaluation,  As  with  the  salt  spray 
test, the  specimens  were  rated  in  accordance  with  AST  M/  D7 1 4  blister  rating, 
Table  IV  show  the  condition  of  the  surface  after  10  cycles  and  at  the  end 
of  the  test  (50  cycles),  As  in  the  previous  tests,  the  solvent  based  epoxy 
gave  the  most  p r o mi  s i  n g  results, 

One  specimen  which  did  not  appear  good  in  the  other  tests  gave  sur¬ 
prisingly  good  results  in  this  evaluation,  The  Latex  rust  converter  with 
an  epoxy  top  coat  appeared  unchanged,  However,  after  it  had  been  setting 
in  the  laboratory  for  a  p  p  r  o  x  i  ma  t  e  I  y  5  0  0  hours,  the  coating  cracked  and 
disbonded  fromthe  surface,  as  seen  in  Figure  3,14, 
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TABLE  IV 

RESULTS  OF  THE  HYDROSTATIC  EXPOSURE  TEST 


P  r  i  me  r 

No, 

of 

Coats 

Total 
DFT 
Hi  1  s 

lo, 

Total 

DFT 

AST M  D 
Blister 

714 

Rati  nq 

Materl  al 

T  r  e  a  t  me  n  t  ( 

Top  Coat 

of 

Coats 

Top  Coat 
Mils 

After 

10  Cycles 

Aft  er 

50  Cycles 

Remarks  After  Test 

Rust  bar 

210 

Latex 

2 

40 

None 

Edge  Rusting 

None 

Some  rust  bleed  through 

Rust  Bar 

211 

Epoxy 

Water  Base 

2 

20 

None 

Edge  Rusting 

None 

Some  rust  bleed  through 

Rust  Bar 

235  Epoxy 

Solvent  Base 

2 

14 

None 

Edge  Rusting 

None 

Some  rust  bleed  through 

By c o  950 

Polyurethane 

1 

2 

Du  r  a  t  h a  n  e 

1 

4 

lo, 4  to  No, 8 
Med,  -  Dense 

No, 4  Dense 

No  rust  through  but  severe  blistering 

By c o  600 

Chi  or i  n a t  e d 
Rubber 

1 

2 

Al  ky d 

1 

4 

None 

No ,  8  Few 

"  “  ii  ii  n  ii 

By c o  950 

Polyurethane 

1 

2 

Al  ky d 

1 

3 

No, 3  each  No, 4 
No,  8  each  No,  4 

Same 

Some  signs  of  si  i ght  rust 

Rust 

Converter 

Latex 

Cdn.v  e  r  t  e  r 

2 

2 

Epoxy 

2 

8 

Excel  1  ent 

None 

Fai  1  ed  after  5  0  0  hours,  di sbandment  at  the 
steel  substrate 

Rust 

Converter 

Latex 

Converter 

2 

2 

Vi  nyl 

3 

7 

No, 4 

Same 

Several  bl  i  sters  on  the  entl  re  surface 

Rust 

Converter 

Latex 

Converter 

2 

2 

Chlorinated 

Rubber 

3 

9 

No, 4  Meal-Dense 

Same 

Heavy  rust  bleed  through 

Rustol  eun 
769 

Penet  r  at i  ng 
Primer 

2 

2 

Al  ky d 

2 

4 

No, 6  Dense 

No, 6  Dense 

Poor  bond  between  pri  mer  and  top  coat 

Rustol  eum 
769 

Penet  r  at i  ng 
Pr  i  mer 

2 

2 

Epoxy 

1 

4 

No, 6  Dense 

No, 6  Dense 

Poor  bond  between  pri  mer  and  top  coat 
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RESULTS  OF  THE  HYDROSTATIC  EXPOSURE  TEST  ■  continued 


Mat  er i  al 

Pr  i  me  r 

Treatment 

Ho, 

of 

Coats 

Total 

DFT 

Mi  1  s 

No, 

of 

Top  Coat  Coats 

Total 

DFT 

Top  Coat 
Mils 

AST  D 
Bl  i  ster 
After 

10  Cycles 

714 

Rat i  ng 

After 

50  Cycles 

Remarks  After  Test 

CONTROL  SPECIMEN  ON  GRIT 

BLASTED  STEEL 

B i turn! 

Epoxy 

nous 

1 

12 

Excel  1 ent 

None 

Carbol i  ne 

Carbo  Zi nc 
Inorganic  Zn 

1 

2,5 

Epoxy  1 

Pol  y a  mi  d 

5 

Excel  1 ent 

None 

Light  rust  bleed  through 

Vinyl 

1  norgani c 

1 

2,5 

Vinyl  1 

3 

Excel  1  ent 

8  each  No,  8 

Figure  3,  13 


3, 17  show  t  he  condi  t i  on  of  the  test 


pressure  cycles  at  20  psi,  As  with  the  other  tests, 
most  encouraging  with  the  polyurethane  primer  coated 
best . 


s  p  e  c  i  me  n  s  after  50 
the  mast  i  cs  were  the 
s  p  e  c  i  me  n  s  being  second 


3 ,  1  Bond  Strength  Evaluation 

The  bond  strength  of  the  candidate  coatings  was  measured  before  and 
after  exposure  to  a  salt  water  environment,  The  technique  used  is  similar 
to  the  Meredith-Guminski  adhesi  on- 1  est  described  in  Ref,  4  and  shown  in 
Fig,  3,  18, 

The  essential  parts  of  the  test  fixture  consist  of  a  test  specimen 

coated  with  the  candidate  coating  system,  a  set  of  cylinders  which  were 

adhered  to  both  sides  of  the  test  specimen  and  loading  grips  attached  to 

each  cylinder  by  means  of  an  alignment  pin, 

The  tensile  strength  was  recorded  at  the  time  that  the  cylinder  was 

pulled  fromthe  coating  and  the  location  of  failure  was  noted, 

The  position  of  fracture  is  very  important  in  this  test,  Separation 

in  the  fixturing  epoxy  gave  a  minimum  value  of  bond  strength,  That  is,  the 

bond  strength  of  tne  coating  system  is  greater  than  that  shown  when  fracture 

occurred,  Separation  in  the  top  coat,  or  in  the  interface  between  the  primer 

and  the  metal  substrate  gave  an  indication  of  the  strength  of  the  coating 

system,  The  criteria  are  as  f  ol  I  ows : 

Separation  in  the  epoxy  minimum  bond  strength  value 
of  the  system 

Separation  in  the  top  coat  -  cohesion  failure  of  the  top  coat 

Separation  in  the  interface  between  the  primer  and  the  top  coat- 
adhesion  failure  of  the  top  coat  p r  i  me r 

Separation  in  the  p  r  i  me  r  -  cohesion  failure  of  p  r  i  me  r 

Separation  in  the  interface  between  the  primer  and  the  metal 
subst  rat  e-  adhesi  on  failure  of  the  primer/ met  a  I 


3-  n 


3-27 


50  cycles  of  exposure 
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Chlorinated  Rubber 


Urethane/Al kyd 
Topcoat 


Urethane/Polyurethane 

Topcoat 


Figure  3.15  Condition  of  the  Chlorinated  Rubber  and  urethane  primer  after 
50  cycles  of  exposure  to  20  psi  water  pressure. 
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Figure  3.16  Typical  condition  of  the  penetration  primer  coated  spe 
after  50  cycles  of  exposure  to  20  psi  water  pressure. 


Inorganic  In/ 
Epoxy  Topcoat 


Bituminous  Epoxy 


Inorganic  Zinc/ 
Vinyl  Topcoat 


Figure  3.17  Condition  of  various  control  test  specimens  after  50  cycles  of  exposure  to 
20  psi  water  pressure. 


Each  specimen  was  placed  in  a  salt  water  tank  for  1  0  0  0  hours  and  the 


bond  strength  r  e  me  a  s  u  r  e  d . 


3.7.1  Bond  Strength  Results 

The  results  of  the  bond  strength  evaluations  are  shown  in 


Tabl  e  V, 


Except  for  the  solvent  based  epoxy  mastic,  they  all  showed  a  significant 
reduction  in  strength  after  exposure  to  the  salt  water  environment, 

The  fish  oil  penetration  system  never  developed  a  very  high  bond 
strength  to  the  top  coat  but  the  p  r  i  me  r  itself  appears  to  be  protecting 
the  surface  from  further  corrosion,  Notice  that  the  failures  before  and 
after  test  both  occurred  between  the  primer  and  top  coat, 


3 ,  8  Over  all  Resul  t  s 

As  a  result  of  these  evaluations  it  is  evident  that  the  solvent  based 
epoxy  ma  s  t  i  c  system  is  superior  to  all  of  the  other  s  y  s  t  e  ms  tested, 

In  a  discussion  with  the  manufacturer  concerning  the  possibility  of 
using  a  thin  ma s t  i  c  as  a  p r  i  me r  and  a  second  s y s t  e m  a s  a  top  coat,  his 
feeling  is  that  it  would  only  be  possible  if  the  top  coat  was  an  epoxy 
system;  however,  it  was  not  recommended, 
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TENSILE  MACHINE  GRIP 


LOAD 

t 


TEST  COUPON 


I 

LOAD 


Figure  3.18  Schematic  Diagram  of  the  Essential  parts  of  the  Bond  Strength 
Apparatus 
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TABLE  V 


BOND  STRENGTH  RESULTS  BEFORE  AND  AFTER  EXPOSURE 
0  1000  HOURS  I  N  SALT  WATER 


C a n d i  date 

Coat i  ng 

System 

P -  P r  i  me r ,  Tc- Top  Coat 

A  -  Bond  Strength 
Before  Exposure 

PSi 

B  -  Bond  Strength 
Af  t  er  Exposure 

PSi 

Remar  ks 

Location  of  Failure 

Latex  Mastic 

550 

335 

A- Subst  r  at  e 

B-  Coat i  ng 

Epoxy  Mastic 

Wa  t  e  r  Base 

780 

620 

A-  Subst  r  at  e 

B-  Subst  r  at  e 

Epoxy  Mastic 

Solvent  Base 

985 

936 

A- Subst  r  at  e 

B-  Subst  r  at  e 

P  9  5  0  / T c  Urethane 

810 

545 

A-  Pr  i  me r / Top  Coat 

B-  Subst  r  at  e 

P  9  5  0  / Tc- Epoxy 

620 

480 

A-  Pr  i  mer  /  Top  Coat 

B-  Subst  r  at  e 

P600/TC  Al  ky d 

310 

110 

A-  Subst  r  at  e 

B-  Subst  r  at  e 

P  2  5  0  / T c  Al  ky d 

220 

70 

A-  Subst  r  at  e 

B-  Subst  r  at  e 

P -  F  i  s  h  Oi  1  /  Tc  A 1  k y d 

110 

30 

A-  Pr  i  mer /  Top  Coat 

B-  Pr  i  mer / Top  Coat 

P-  F i  s h  Oi  1  /  Tc  Epoxy 

90 

45 

A-  Pr  i  mer /  Top  Coat 

B-  Pr  i  mer /  Top  Coat 

P-  La t  ex  Conver  s i  on/ Tc 

Chlorinated 

200 

20 

A-  Pr  i  mer /  Top  Coat 

B- Subst  r  at  e 

P-  Lat  ex  Conver  s i  on/ 
Epoxy 

150 

22 

A-  Pr  i  mer / Top  Coat 

B- Subst  r  at  e 

P-  Lat  ex  Conver  s i  on/ 

Al  ky d 

115 

18 

A- Subst  r  at  e 
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Devoe  Paint  Division  Mr,  V,  Datta 

BOX  1863 

Loui  svi 1 1  e,  KY 


Cook  Paint  and  Varnish  Co, 

919  T  E,  14th  Ave, 

North  Kansas  City,  MO  64116 


Seaguard  Corp, 

4030  T,  Seaguard  Ave, 
Por  t  s  mou t  h,  V A  2  3  7  0  5 


Car  bol i  ne  Co, 

350  Hanley  Industrial  Court 
St ,  Loui  se,  MO  63144 


Farboil  Co, 

8  2  0  0  Fischer  R d . 

B  a  I  t  i  mo  r  e ,  MD  212  2  2 


Hughs  on  Chemicals  Mr,  R,  Wi  g  mo  n 

Hu g h s o n  Building 
P.O.  Box  1099 
Eri  e,  PA  16512 


Sigma  Coatings  Inc.  Mr ,  M,  Wi  nkl  er 

P.O.  Box  826 
Hawey,  LA  70059 


Hi  mpel  '  s  Mar  i  ne  Paints  Inc 
25  Broadway  Cunard  Bl  dg, 
New  York,  N, Y,  10004 


American  Chemical  Corp,  Mr,  W,L,  Warne 

81- T  Enci  na  Ave, 

Pal  o  Alto,  CA  94301 


The  TapeCoat  Co, 

1525  Lyons  St, 

Evanst  on,  I  L  6  0  2  0  4 


Compani  es  contacted  -  continued 


Turco  Coat  i  ng  Inc, 

Wheat  I  and  &  Mel  I  ons  St , 
Phoeni  xvi  I  I  e,  PA  1  9  4  6  0 


Wool  sey  Mar  i  ne  Industrial  Inc, 

180- T  Saw  Mi  1 1  Road 

Danbury,  CT  06810 

International  Paint  Co, ,  Inc, 

17  Battery  Place  N. 

New  York,  NY  10004 

Mr ,  J  ,  Hickey 

Xerox  Corp, 

500  West  Eight  St, 

Suite  2  3  5,  P,  O,  Box  E 

Vancouver,  WA  98666 

Mr,  D,  Woodey 

Teknos- Moal i  t  Oy 

P.O.  1  0  7  0  0  1  0  1 

Hel  senki  10,  Finland 

Mr,  E,  Taskenen 

Appl i  ed  Coat i  ng  Tech,  Inc, 

1735  Aust i  n  Ave, 

Mr,  E,  Shapes 

a  /  j  j  nujLi  ii  n  v  v.  . 

Los  Altos,  California  94022 


Bywat  er  Mar  i  ne  Coat  i  ng  Mr ,  Wi  r  st  r  om 

7  0  9  Engi  neers  R d . 

Belle  Chasse,  LA  70037 


Rust  -  Ol  eum 
11  Hawthorn  Parkway 
Vernon  Hi  I  I ,  I  L  6  0  0  6  1 


Uni  on  Car  bi  de  Mr ,  R,  S ,  Ma r  t  e n 

Coat  i  ng  Mat  er  i  al  s  Di  st , 

300  First  Ave, 

Needham  Heights 
Boston,  MA  02194 


Di  f  f  usal  I  oy  Engi  neer i  ng  Co 
10097  Manchester  Road 
St ,  Loui  s,  MO  63122 
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APPENDIX  C 
Information  Sheet 


RUST  COMP  AT  I  BLE  PRI  ME  R  I  N  F  OR  MAT  I  ON 


Vendors  Name _ 

Coat  i  ng  Des i  gnat  i  on _ Gener  i  c  Base 


DO  NOT  CLEAN  SURFACE 

Method  of  application  (air  or  airless  spray,  brush  etc,  ) 


is  special  equipment  required  for  application 
if  so,  what  type _ 


Appl i  cat i  on  Condi  t i  ons 

Temperature _  Relative  Humidity _ 

Number  of  coats  applied _ 

Is  a  top  coat  necessary? _ 

Was  a  top  coat  applied? , _  Type _ 

What  type  of  top  coats  are  compatible  with  this  primer  (alkyd,  water  base,  etc)? 


Curing  Met  hod 


Coating  Description  (Water  base,  oil  base,  non- sol  vent  ed  etc,) 


Col  or _ 

Number  of  component  s- pr  i  mer _  Top  coat _ 

Possible  reason  for  suitability  of  coating  over  rust  (conversion  coating,  mo i  s  t  u r  e 
barrier  etc,) _ 


S  p  e  c  i  me  n  # 

F r  es h  Wat  er  Sal  t  Wat  er  Moi  s t  Ai  r 

F _  S _  M _ 

F _  S _  M _ 

F _  S _  M _ 

F _  S  M _ 


Re  mar  ks 


Please  send  application  instructions  with  test  specimens 

Person  to  contact  concerning  test  s p e c i  me n 

Si  gnat  ur  e _ 

Telephone  Number _ 


